The lymphocyte subsets in the peripheral blood of healthy Malaysian adults (212 subjects, age 18-71 years) were analysed using a flow cytometer FACScan in an effort to establish a reference range for the lymphocyte subsets. The lymphocyte subsets studied were T cells (CD3), B cells (CDI9), natural killer (NK) cells (CD3CDI6+ /CD56+), helper/inducer cells (CD4), cytotoxic/suppressor cells (CD8) and the helper/suppressor ratio(CD4/CD8). The distributions of T cells, CD4 cells and CD8 cells were symmetric about their means while B cells, NK cells and CD4/CD8 ratio followed a skewed distribution. Differences in race were observed for T cells, NK cells, CD4 cells and CD4/CD8 ratio where the Indians were significantly different from the Malays and the Chinese (higher T cells, CD4 cells and CD4/CD8 ratio and lower NK cells). The B cells were significantly lower in the Chinese than the Malays and the Indians. Age differences were seen only in the Chinese where increased CD4 cells and CD4/CD8 ratio, and decreased CD8 cells were observed. A sex difference was observed only in the Chinese where the CD4/CD8 ratio was significantly higher in females than males.
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The use of flow cytometry has made possible the precise identification of peripheral blood lymphocytes; particularly lymphocyte subpopulations, which have been linked to specific immune functions. Determination of the distribution of immunoregulatory cells in the peripheral blood is important in the management of diseases that involve alterations in lymphocyte subpopulations. Changes in the immunoregulatory T cells subsets have been found in many pathological conditions such as immunodeficiency including AIDS,I.2 sarcoidosis.? measles," and leukemia.' The relative decreases in both proportion and number of identifiable T cells in addition to periodic increases in certain B cells populations during active systemic lupus erythematosus's? has also been reported.
In order to apply lymphocyte immunophenotyping to the identification of disease states and the evaluation of the effects of treatment, it is necessary to determine the variation encountered in reference populations of human screened Correspondence: S H Ton. 532 carefully for the absence of disease." Reference ranges are determined by biological variation within a cell population combined with the variation inherent in the measurement system. In addition, lymphocyte subpopulation parameters are thought to differ significantly by race."
This study was designed using a single standard protocol to reduce the variability in both sample preparation and flow cytometer operation, so that the data might reflect better the inherent variability in the population. This study reports on the influence of race (the three main racial groups in Malaysia are the Malays, the Chinese and the Indians), gender, and age on the distribution of lymphocytes expressing surface markers associated with B cells, T cells, T helper cells, T suppressor cells and natural killer (NK) cells.
MATERIALS AND METHOD

Study population
Blood was collected from a total of 212 healthy volunteers (age ranges from 18-71 years). The 
Flow cytometer analysis
The lymphocyte subsets were analysed on a FACScan (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) flow cytometer. The total white cells were determined by using a Coulter Counter (model JR) and the percentage of lymphocytes was obtained from manual differential count of 100 white cells on the Wright stained blood films.
Murine keyhole limpet Haemocyanin (KLH)
Cell preparation and staining Venous blood was collected in tubes containing EDTA. Four microlitres of each monoclonal reagent pair were added to 100 iLL of whole blood. The mixture was gently mixed and incubated at room temperature (27°C) for 20 min in the dark. FACS brand lysing solution was added (2 mL of IX) and the mixture incubated for a further 10 min at room temperature in the dark. The white cells were pelleted at 300g for 5 min at room temperature. The pellet was washed twice in PBS (pH 7·4) before being resuspended in I mL PBS containing Io/a paraformaldehyde. 
Cheong, Ton and Cheong
SimulSET analysis software was programed to measure a minimum of lO()()() white cells at the onset of the measurement. An analysis gate that included at least 95070 of all lymphocytes was established by the LeucoGATE reagent (CD45/ CD14). This LeucoGATE analysis identified lymphocytes, monocytes and granulocytes by a combination of antigen expression and light scatter characteristics. A minimum of 2000 lymphocytes was acquired from each tube with less than lO07o contamination by either debris, granulocytes or monocytes.
The delineating markers for determining cells positive and negative for any reagent were set by the SimulSET software using directly conjugated antibodies of irrelevent specificity (Simultest Control) as negative controls. Each two colour imrnunophenotype analysis was run and analysed with the help of the SimulSET software that determined the lymphocyte gate and marker settings. The results were expressed as a percentage of the total lymphocytes.
Quality control
The FACScan was calibrated with fluorescent beads (CaliBRITE) and AutoCOMP software monthly. Besides the use of a single protocol and instrument throughout the study, an internal consistency controls which utilized the following requirement: %T + %B + %NK approximated 100070 ± 5070, was used.
Statistical analysis
The histograms generated from the lymphocyte subsets analysis were fitted by mathematically defined distributions. The nonparametric test for continuous frequency distribution (Kolmogorov-Smirnov test of goodness-of-fit) was used to determine the best-fit distribution for each of the subset. The reference range for each cell surface marker was then estimated using the mathematical form of the best-fit disitribution that defined the central 95070 of the area under the distribution curve (ADC).
The differences between race was tested using the nonparametric Kruskal-Wallis test. Where the null hypothesis of no difference were rejected at 5% probability, the Mann-Whitney U-test was used to esstimate the homogeneity between race. The influence of sex was evaluated with the Mann-Whitney D-rest for each of the lymphocyte subset. Where there was a racial difference in subset distribution, the influence of sex was tested for each individual race using the Mann-Whitney V-test. Each lymphocyte subset Ann Clin Biochem 1995: 32 was also analysed for the presence of trends with age using simple linear regression.
RESULTS
As seen in Fig. 2a-d , the distributions of the subpopulation of CD3, CD4 and CDS cells (expressed as percentage of lymphocytes) were symmetrical about their means. The distribution of CD19, NK cells and CD4/CDS ratio ( Fig.  2b-f ) failed a test of normality using the Kolmogorov-Smirnov test (P<O·05). The nonnormality of the distributions of the subsets limited our ability to present the data in the form of mean ±standard deviation (SD). Therefore the interval that defined the central 95070 of the ADC was used instead. In this study, the data for the various subsets were presented as a measure of central tendency (mean and median), a measure of dispersion about the mean (SD) and the 95070 reference range. Data on the lymphocyte subsets of the three main racial groups in Malaysia is shown in Table 2 .
CD3 (T cells), CD19 (8 cells) and CD3 -, CD16+ and/or CD56+ (natural killer cells) The T cells followed a normal distribution for both gender, separately and combined for all races. The Indians differed significantly from both the Malays and the Chinese in having a higher normal range (P<O·Ol).
The B cells followed an Erlang distribution which skewed slightly to the right. The Chinese differed significantly from both the Malays and the Indians in having a lower normal range (P<O·04).
The NK cells followed a Gamma distribution which skewed strongly to the right. The Indians had a significantly lower normal range than the Malays and the Chinese (P<O·Ol).
Sex and age had no influence on the three types of cells.
CD4 (T helper/inducer cells) and CDS (T suppressor/cytotoxic cells)
The CD4 and CDS cells followed normal distributions. In the case of CD4 cells, the Indians had a significantly higher normal range than the Malays and the Chinese (P<O·Ol). Sex had no influence on the distribution of CDS cells, Chinese women tended to have higher CD4 counts than men although this did not achieve statistical significance. However, age appeared to have an influence on the distribution of the CD4 cells in the Chinese, namely, they increased significantly Ii:
FIGURE 2. Distribution of the lymphocyte subsets (212 subjects). CD3 cells (a), CD4 cells (c) and CD8 cells (d) followed a symmetrical distribution. CD19 (b). CDI6+CD56+ /CD3-cells (e) and CD4/CD8 ratio (f) showed a skewed distributio.
with age [increased by 1·511/0 per decade; P<O·03; Fig. 3(b) ] while the CDS cells decreased with age [decreased by 1·7% per decade; P<O·03; Fig. 3(d) ]. The age associated changes in CD4 and CDS cells in the Chinese produced corresponding changes in the total CD4 and CDS values ( Fig. 3a and c) .
CD4/CD8 (helper/suppressor ratio)
The helper/suppressor ratio was best-fitted by the ,,-distribution which skewed strongly to the right. The Indians had a significantly higher value than the Malays and the Chinese (P<O·OI). The Chinese women appeared to have a significantly higher value than the Chinese men (P<O·04). It is interesting to note that the influence of age is only seen in the Chinese women (increased by 0·1 per decade; P<O'OI), which also produced a corresponding increase in the total CD4/CD8 ratio ( Fig. 3(e )-(f».
DISCUSSION
Reference ranges for lymphocyte subsets in adult Caucasians have been established" using flow cytometry. Studies by Prince and co-workers? indicated that race had an influence on the lymphocyte subpopulations. Therefore, studies on the lymphocyte subsets will have to make appropriate adjustment for race if results are to be meaningful. Lymphocytes are subjected to circadian rhythms.Ui'? In order to minimize the variation, we limited the collection of samples to the Ann Clin Biochem 1995: 32 morning as this is the time when patient samples are usually collected.
The human race is generally classified into three major groups: Caucasoid; Mongoloid; and Negroid. The Malays and the Chinese are classified as Mongoloids'v'" whereas the Indians are classified as Caucasians." This convention is used in the following discussion.
In this study, the Chinese and the Malays had significantly lower T cells than the Indians. This is in concordance with the observation by Prince and co-workers? who found that T cells in Asians (Chinese, Japanese and Philippinos) were significantly lower than in non-Asians. However, the observation that male Caucasians had a significantly lower value than female Caucasians" was not seen in the Indians (Caucasian group) in this study. A negative correlation of T cells with age reported for the Japanese was not seen in the Malays and the Chinese. An increase in percentage of T cells within the total lymphocyte population with age reported in the Caucasians" was not observed in the Indians. The Chinese had significantly lower B cells than the Malays and the Indians. The values found here for the Malays and the Indians were similar to those reported for another pan-B antigen (CD20) in the Caucasians."?
The Chinese and the Malays had significantly more natural killer (NK) cells than the Indians. This is in agreement with the observation by Prince and co-workers? that Asian had higher NK cells than non-Asians. They found that the increase in NK cells within the Asians was solely attributed to the Chinese. Our study showed that the NK distribution curve in the Malays followed closely to that of the Chinese. Contrary to those reported for the Caucasians8.18.J9 and the Japanese;'? age and sex did not have any influence on the distribution of these cells in our study.
The CD4 cells for the Chinese and the Malays were significantly lower than the Indians, in concordance with that reported by Prince and co-workers." In the Chinese, the CD4 cells were significantly lower in the younger age group « 35 years). The age associated increase in the Chinese was not observed in the Japanese'? even though both races belong to the Mongoloid group. An increase with age had been reported in Caucasians8.16.20 but this was not observed in the Indians in this study.
No significant difference was observed in CD8 cells in the three races as had been reported." In the Chinese, CD8 cells were found to decrease significantly with age, in agreement with that found for the Japanese." An increase of the percentage of CD8 cells with age was seen in Caucasians" but this was not observed in the Indians.
The Malays and the Chinese had significantly lower CD4/CD8 ratios than the Indians. This is again in agreement with the observation by Prince and co-workers." CD4/CD8 ratio which was positively correlated with age in Chinese women and was higher in women than men in this study has also been reported in the Japanese.!? However, the observation of age and gender variation in the Caucasians" was not observed in the Indians in this study.
This study demonstrated that age and sex influenced the T cell subset values in the Chinese. It has been suggested that where significant age differences are found, adjustments should be made to normalize the value in an individual to that of a reference individual. 8 Therefore, to adjust for age, the correction (age -35) x slope of the age trend should be added to each measurement using 35 years as the reference age in our case. To adjust for sex, the difference between the means for each sex should be added to the value determined for each female subject."
The results presented in this study were expressed as a percentage of the lymphocytes in the sample. Percentages are relative values. Most clinicians and laboratory workers prefer results expressed as absolute numbers of cells." The absolute count for the lymphocyte subsets could be calculated using the following expression:
Absolute WBC count x 117ototal lymphocytes X %subset2' However, the median values obtained for absolute WBC varied greatly with respect to Ann Clin Biochem 1995: 32 where the analysis was done for the samples within the adult reference ranges.P This variation can be attributed to intrinsic differences among instruments produced by different manufacturers. Such differences make the interinstitutional comparison of absolute counts for lymphocyte subsets much more variable than percentages. Therefore, until the problem of comparability in absolute counts for the WBC is resolved, the percentage values remained a better lymphocyte subset population expression. Furthermore, lymphocyte circadian rhythms, normal physiological haemostatic mechanism of the body, the use of antibodies that recognize different epitope of a same antigen that may be differentially expressed in different families and overlappng of antigen on different cells increase the variability of absolute lymphocyte counts.P Thus, quantitative immunophenotyping is less likely to become diagnostically crucial in the future as compared to semiquantitative determinations.
In conclusion, a lymphocyte subset reference range for Malaysian adults was obtained. The Indians differed significantly from the Malays and Chinese in the values of the subsets. Although statistically we were able to demonstrate some differences among the races in the values of the subsets, the differences are small and of doubtful clinical significances. Thus, the combined reference ranges can be used routinely to guide clinical decisions. The differences observed in different races could be due to genetic variations. Since the dietary patterns of the three races are different, thus the variation in antigenic challenges, diet could also have contributed to the observed differences.
